O NE OF THE MOST EFFECtive tools to identify individuals at increased risk of cancer is to ascertain their family history. For example, having 1 or more close relatives with colorectal cancer increases risk from 2-fold to 6-fold. [1] [2] [3] Individuals at increased risk of colorectal, breast, or prostate cancer due to family history are recommended to begin screening for these cancers earlier and in some cases using more sensitive methods than averagerisk individuals. Those with family histories suggestive of rare hereditary cancer syndromes that confer much higher risks may require even more intense screening or prevention regimens. 4 It is estimated that 22% of individuals have a family history that suggests familial or hereditary predisposition to cancer. 5 The Agency for Healthcare Research and Quality recommends that primary care clinicians collect a detailed family cancer history including age at diagnosis for affected first-and second-degree relatives. 6 Individuals with increased familial risk should be informed of their risk, offered appropriate preventive and screening strat- egies, and referred for genetic counseling and testing as indicated.
Little is known about how often clinically important changes in cancer family history occur over time that would render an individual at increased risk and, therefore, a candidate for earlier or intensive screening. To our knowledge, no prior reports have addressed this question. This information is useful for determining how often family histories should be updated by clinicians to inform recommendations for screening. In this study, we quantified how often clinically significant changes in family history of breast, colorectal, or prostate cancer occur throughout adulthood.
METHODS

Study Overview
We examined family history data among individuals enrolled in the Cancer Genetics Network (CGN), a US national registry of individuals with a personal or family history of cancer (predominantly breast, prostate, colorectal, and melanoma) established by the National Cancer Institute in 1998. 7 As detailed herein, we assessed changes in participants' self-reported family history over 2 periods: (1) retrospectively, from birth until enrollment into the CGN using family history data provided at entry and (2) prospectively, from enrollment to time of last completed follow-up survey. We specifically examined changes in family history that would render individuals candidates for earlier and more intense screening for colorectal, breast, or prostate cancer based on current guidelines from the American Cancer Society (ACS) (TABLE 1).
Screening Guidelines
Individuals at increased risk of colorectal cancer due to family history are recommended to initiate colonoscopy screening at a younger age and to screen more frequently than those at average risk (Table 1) . 9 For breast cancer screening, recent studies have demonstrated that breast magnetic resonance imaging (MRI) has greater sensitivity for cancer detection than mammography. 10, 11 The ACS guidelines recommend addition of annual breast MRI for BRCA1/2 mutation carriers and those with at least a 20% to 25% lifetime risk of breast cancer based on family history (Table 1) . 12 We used the Claus tables to identify family histories associated with a lifetime breast cancer risk of 20% or greater. 13 Having a brother with prostate cancer is associated with a 3-fold increase in risk, and having 2 affected first-degree relatives increases risk 5-to 10-fold. 14 The ACS recommends men with 1 or more first-degree relative with prostate cancer before age 65 years to consider prostate-specific antigen (PSA) screening beginning at age 45 years (Table 1) . 15 We elected to use the ACS guidelines because the ACS provides recommendations for high-risk screening for all 3 cancers of interest (including breast MRI), and these are widely used in clinical practice. Moreover, the ACS guidelines for colorectal and breast cancer screening are identical to those from the National Comprehensive Cancer Network.
Data Collected
The CGN enrolled 26 933 participants (with family history data on 540 578 family members) at 14 academic research centers across the United States. Institutional review boards at each center approved the study and participants provided written informed consent to be contacted for long-term follow-up. Participants with various types of cancer were ascertained both from local and state tumor registries (ie, population-based ascertainment) and from high-risk cancer clinics. Some centers also recruited cases' unaffected family members. Only participants ascertained from population-based registries are included in these analyses (n = 16 724). Furthermore, only data from the first enrolled member of each family are included (n=11 323).
At entry, participants completed a baseline questionnaire (in person or via telephone interview or mail) eliciting information about sociodemographic characteristics, detailed personal and 4-generation family cancer history, cancer-related medical history, and smoking history. Participants at most centers indicated their racial and Hispanic background via separate questions permitting participants to select up to 5 categories for racial/ethnic heritage. Participants were contacted annually or biannually to update baseline information. The median follow-up time was 8 years (range, 0-11 years). 
Retrospective Analysis
We used family history information reported at enrollment to construct a snapshot of participants' family cancer history as it changed from birth until CGN enrollment. For each participant, we constructed a data set with an observation corresponding to each year of life up until entry into the CGN, and for each year we evaluated whether he/ she had clinically relevant family history. For example, consider a participant who enrolled at age 45 years in 2000, with a father diagnosed as having colorectal cancer in 1985 at age 55 years. Thus, prior to age 30 years (the participant's age in 1985) the participant was not at increased risk, and at age 30 years the participant would have met criteria for more intensive colorectal cancer screening.
Using this data set, we then calculated the percentages of participants who would have met the elevated risk screening guidelines at each year of age from birth until enrollment in the registry. Ninety-five percent confidence intervals (CIs) for each age-specific estimate were constructed using the binomial distribution. For comparison with the results from the prospective analysis described below, the 10-year rate of those newly meeting high-risk criteria for screening (number of participants per 100 who did not meet criteria at the beginning of the interval but met high-risk criteria sometime during 10 years of follow-up) was calculated for each 10-year age interval.
Prospective Analysis
For this analysis, we evaluated how participants' family cancer history changed prospectively from CGN enrollment through their most recent follow-up. We determined the number of participants who, at baseline, did not meet the criteria for high-risk screening. Among these individuals (a subset of those in the retrospective analysis), we determined how many would have been classified as meeting high-risk status as of their last followup. To compute the 10-year rate among individuals for whom changes in their family history resulted in their newly meeting criteria for earlier or more intensive screening, we divided the number who met high-risk criteria by the total person-years of follow-up and multiplied by 1000 to represent the number of participants per 100 who would have changed to meet high-risk status for every 10 years of follow-up. Confidence intervals for these rates were calculated using the Poisson distribution. We examined rates of meeting high-risk screening criteria overall and stratified by participant age at baseline for comparison with the retrospective analysis.
The prospective analyses were restricted on the basis of participant age at enrollment because of the age-specific nature of the cancer screening criteria: colorectal cancer analysis excluded registrants older than 50 years, prostate cancer analysis included men younger than 50 years, and breast cancer analysis included women aged 35 through 60 years (Table 1) . Participants with inadequate follow-up data were excluded from the prospective analysis. Overall, about 22% of otherwise eligible participants were excluded because of missing follow-up information (primarily at 1 large center) or an invalid follow-up date.
Each cancer screening-specific analysis excluded participants who reported the cancer of interest at enrollment (for example, the MRI analyses excluded participants with breast cancer) to compensate for the overrepresentation of cancer cases inherent in the tumor registrybasedpopulation.Theseindividualswere included in the other screening-specific analyses given that the risks of breast, colorectal, and prostate cancer are relatively independent from each other. FIGURE 1 depicts the inclusion/exclusion a Cancer-specific numbers of participants do not sum to total because some female participants in the colorectal cancer analyses were also included in the breast cancer analyses and some male participants in the colorectal cancer analyses were also included in the prostate cancer analyses. Therefore, the total numbers reflect participants included in at least 1 cancer-specific analysis.
criteria for participants in the retrospective and prospective analyses.
RESULTS
Participants
This study used data from individuals enrolled in the CGN registry. TABLE 2 presents the distribution of demographic characteristics and extent of family cancer history at baseline for the 11 129 participants included in 1 or more of the retrospective cancer screening-specific analyses. Participants included in the prospective analyses are a subset of this population (Figure 1 ). The age distribution was fairly consistent across analyses, although women in the breast cancer screening analysis tended to be younger than participants included in the comparable colorectal and prostate cancer analyses. The distribution of race and Hispanic ethnicity was comparable across analyses; however, there was less representation in minority groups than in the general population.
Retrospective Analyses
We determined for each year of age from birth through enrollment in the CGN the percentage of registrants who reported clinically relevant family history that would warrant more intense cancer screening for colorectal, breast, and prostate cancer compared with general population guidelines (FIGURE 2). Each participant contributed data at each yearly point based on retrospective recreation of his/her family history from birth. At age 30 years, 2.1% of participants would have met criteria for early colonoscopy screening (95% CI, 1.8%-2.4%). By age 50 years, this percentage increased to 7.1% (95% CI, 6.5%-7.6%) and peaked at age 70 years at approximately 11%. These estimates are also summarized by decade in TABLE 3. The 10-year rates for newly meeting high-risk screening criteria based on family history increased from 1 additional person per 100 individuals followed up throughout their 20s, peaking at a rate of 3 additional people per 100 during their 40s.
Results from the retrospective breast cancer analysis show a pattern similar to the colorectal cancer analysis, with steady increases in the percentage of participants who would have met criteria for MRI screening through early and middle age, from 7.2% (95% CI, 6.1%-8.4%) of women at age 30 years to 11.4% (95% CI, 10.0%-12.8%) at age 50 years. After age 60 years, the percentage leveled off at about 13%. The 10-year rates for newly meeting highrisk criteria for screening were fairly even over the decades from ages 20 to 50 years at 3, 2, and 3 additional persons per 100 followed up for 10 years among women aged 20 to 29, 30 to 39, and 40 to 49 years, respectively.
Although the retrospective prostate cancer analysis indicated similar findings of increasing family history until age 60 years, the overall percentage of men who would have met criteria for early PSA screening was much lower at only 0.9% (95% CI, 0.5%-1.4%) of men at age 30 years, and it increased only to 2.0% (95% CI, 1.4%-2.7%) by age 50 years. This could reflect the low incidence of prostate cancer among men younger than 65 years, the family history criterion that prompts PSA screening. As in the colorectal and breast cancer analyses, the increase in the percentage of men with clinically relevant family history leveled off around age 60 years at about 3%; similarly, the 10-year rates for newly meeting highrisk screening criteria were lower for each age interval compared with the rates for colorectal and breast cancer, remaining constant at 1 additional person who met high-risk screening criteria per 100 followed up for 10 years for men aged 20 through 70 years. 
Prospective Analyses
The prospective analyses assessed clinically relevant changes in family cancer history from baseline (enrollment in the CGN) to the most recent follow-up (TABLE 4) . The prospective colorectal cancer analysis included data from 1533 participants who were younger than 50 years at enrollment, did not have a personal history of colorectal cancer, and met the other eligibility criteria described previously. During follow-up, 15 registrants reported changes in family history that altered their risk, resulting in a 10-year rate of 1 (95% CI, 0-6) additional person (who becomes eligible for enhanced screening) per 100 participants followed up for 10 years. The agespecific results suggest that more family history changes occur during the 30s (10-year rate, 2 per 100; 95% CI, 0-7) than the 40s (10-year rate, 1 per 100; 95% CI, 0-6), although the CIs are fairly wide and overlapping.
The prospective breast MRI analysis included 617 women aged 35 through 65 years. The overall rate of newly meeting criteria for more intensive screening was 3 (95% CI, 0-9) additional women per 100 followed up for 10 years, with 10-year rates of 0 (95% CI, 0-4) per 100 among women aged 35 to 39 years (when MRI screening starts), 4 (95% CI, 1-10) per 100 for women aged 40 to 49 years, and 3 (95% CI, 0-9) per 100 for women aged 50 to 59 years.
The prospective PSA screening analysis included 163 men younger than 50 years, and the rate of newly meeting criteria for more intensive screening was 4 (95% CI, 1-10) additional men per 100 followed up for 10 years. The agespecific breakdown for the prostate analysis results was similar to the earlier finding that the rate of change in family cancer history is higher in early adulthood than in middle adulthood, with the 10-year rate of newly meeting criteria for more intensive screening of 7 (95% CI, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] per 100 for men younger than 30 years and 5 (95% CI, 2-12) per 100 for men aged 30 to 39 years compared with 3 (95% CI, 0-9) per 100 for men aged 40 to 49 years.
The rates of newly meeting criteria for more intensive screening for colorectal and breast cancer obtained in the retrospective analyses were within the 95% CIs for the comparable agespecific results of the prospective analyses presented in Table 4 . However, for prostate cancer, the rates of having firstreported family history that would meet criteria for more enhanced screening in the retrospective analyses were substantially lower than those obtained in the prospective analysis. For comparison with the retrospective rates of change to high-risk status between ages 30 and 50 years, the overall 20-year rates from the prospective analyses are 2 (95% CI, 0-7) per 100 for colorectal cancer, 6 (95% CI, 2-13) per 100 for breast cancer, and 8 (95% CI, 3-16) per 100 for prostate cancer.
COMMENT
We evaluated the rate at which family cancer history changes over time with respect to indicating the need for earlier or intensified screening for colorectal, breast, and prostate cancer. Although 
CLINICALLY RELEVANT CHANGES IN FAMILY HISTORY OF CANCER
family history of cancer was based on self-report, other groups have confirmed the high quality of self-reported data. 16 Participants with incomplete family history information (such as unknown age of cancer diagnosis for a relative) were included, as would be the case in the clinical setting, where determination of the need for cancer screening is based on information provided by the patient. However, we acknowledge that participants with a cancer diagnosis may be more motivated to provide accurate family history in a study setting than in a clinic setting.
We used 2 complementary approaches with distinct sets of family history data obtained within the same study population: retrospectively, from birth to enrollment, and prospectively, from enrollment to last follow-up, in a large cohort of individuals followed up to 10 years. Both analyses demonstrate that clinically relevant family history changes substantially during early and middle adulthood, particularly for colorectal and breast cancer, for which the percentage recommended for high-risk screening increases 1.5-to 3-fold between ages 30 and 50 years. Results of the 2 prostate cancer analyses were not in complete agreement, possibly because of the limited data available, particularly for the prospective analysis.
We have taken several steps to design our analyses so the results could be applied to the general US population, although the CGN registry is underrepresented in participants from racial and ethnic minorities and estimates in these populations may differ. For these analyses, we included approximately twothirds of the registrants who were ascertained via population-based tumor registries. To attenuate the influence of our higher-than-average-risk population, we excluded participants who had a diagnosis of the cancer of interest from the screening-specific analyses. Thus, by excluding these participants, who are more likely to have clinically relevant family history, our results may represent an underestimate of the true rate of change in family history; however, we cannot rule out that our results are overestimates due to the elevated cancer risk level inherent in our population. Scheuner et al 5 found that the percentage of adult women who met criteria for genetic evaluation for hereditary breast cancer was similar but lower than ours (2%-4%), but this is not surprising given that their measure was indication for genetic evaluation as opposed to indication for MRI.
Other studies have documented that the majority of patients do not receive adequate familial cancer risk assessment in primary care settings. 8, [17] [18] [19] [20] Family health history data are more likely to be collected at the initial clinic visit and are not adequately updated during follow-up visits. 21 These analyses are relevant principally to primary care clinicians, who are often the first (or only) to initiate collection of family health history and are the main source of referral for cancer screening, although they are also relevant for other physicians who provide care to patients over many years. For this analysis, we only examined breast, colorectal, and prostate cancer status and age at diagnosis among first-and second-degree relatives. Subsequent updates require determining only whether there have been any new diagnoses among living first-and second-degree relatives. These questions could be eas- ily added to standard patient questionnaires filled out during routine physician visits. Electronic medical record systems could be designed to prompt physicians for periodic updates and alert them to patients who now meet criteria for high-risk screening.
In our study, we found a 5% chance that an individual's colorectal cancer screening recommendation would change between ages 30 and 50 years based on family history and that 4% of women would become candidates for MRI screening. Although there is disagreement in the medical community regarding the merits of screening for prostate cancer, family history of prostate cancer also increased over these age ranges. If a patient's family history is not updated during early and middle adulthood, the opportunity may be missed to intervene with earlier or more intensive screening that maximizes the likelihood of detecting cancer at an early, treatable stage.
Our study has several limitations. First, our determination of whether an individual would meet criteria that would represent an increased risk level and therefore would be recommended for earlier or intensive screening was based solely on reported changes in family history of cancer over time. We did not address how many additional cancers would be expected to be detected if appropriate screening based on the changing family history was performed. Factors such as an individual's personal medical history or prior cancer screening results were not considered, and these issues also may change during adulthood and need to be assessed by clinicians. Second, our study did not evaluate indications for genetic risk assessment, although obtaining an accurate family history is also critical for identifying patients who merit further genetic evaluation to reduce cancer morbidity in their families. Third, our study did not assess whether participants who met criteria for high-risk screening based on family history and had recommendations for screening made by their physicians actually had additional screening performed.
CONCLUSION
In summary, we found that family history of breast and colorectal cancer becomes increasingly relevant in early adulthood, highlighting the need to obtain a comprehensive family history at this time. We also found that family histories change significantly between the ages of 30 and 50 years. We therefore recommend that family history should be updated at least every 5 to 10 years to appropriately inform recommendations for cancer screening.
